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(54) Inverted F-type antenna apparatus and portable communication apparatus provided with the 
inverted F-type apparatus 



(57) An inverted F-type antenna apparatus is pro- 
vided with a grounding conductor and an antenna ele- 
ment arranged on the grounding conductor so as to face 
the grounding conductor. The inverted F-type antenna 
apparatus further includes at least one coupling element 
provided between the grounding conductor and the an- 
tenna element so as to face the grounding conductor 
and the antenna element, and a connection conductor 
is provided for electrically connecting the antenna ele- 
ment with the grounding conductor at least in one place. 
In the inverted F-type antenna apparatus, the grounding 
conductor, the antenna element and the coupling ele- 
ment are arranged so as to be substantially parallel to 
each other. 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

[0001] The present invention relates to an inverted F- 
type antenna apparatus and a potable radio communi- 
cation apparatus provided with the inverted F-type an- 
tenna apparatus, and in particular, to an inverted F-type 
antenna apparatus for portable radio communication 
apparatuses mainly for mobile communications, such 
as a portable telephone, and to a portable radio com- 
munication apparatus provided with the above-men- 
tioned inverted F-type antenna apparatus. 

2. DESCRIPTION OF THE PRIOR ART 

[0002] In recent years, a mobile communication sys- 
tem using portable radio communication apparatuses, 
such as a portable telephone, has been rapidly devel- 
oped. This portable telephone has been changed from 
the positioning thereof as a conventional audio terminal 
apparatus to an information terminal apparatus for per- 
forming transmission of data and images. In accordance 
with this, a folding type portable telephone, which is 
more suitable for increase in the size of the screen, has 
been widely used. 

[0003] Fig. 31 A is a plan view showing a construction 
of a portable radio communication apparatus 1001, 
which is a straight type portable telephone according to 
a prior art, and Fig. 31 B is a plan view schematically 
showing a construction of a dielectric substrate 1004 
provided with the inverted F-type antenna apparatus 
1005 of Fig. 31 A. 

[0004] Referring to Fig. 31 A. a liquid crystal display 
section 1003 is provided near the upper side of the cent- 
er portion of the housing 1 002 of the portable radio com- 
munication apparatus 1001, while the dielectric sub- 
strate 1004 is provided throughout the entire space in- 
side of the housing 1 002. In this case, the built-in anten- 
na 1 005 is arranged above the dielectric substrate 1004. 
As shown in Fig. 31 B, this built-in antenna 1005 is con- 
structed of a rectangular flat-plate-shaped antenna ele- 
ment 1 006, a columnar pin-shaped short-circuit conduc- 
tor 1007 for connecting the antenna element 1006 with 
a grounding conductor (not shown) and a columnar pin- 
shaped feeding conductor 1008 for connecting the an- 
tenna element 1 006 with a feeding coaxial cable (not 
shown) at a feeding point The built-in antenna 1005 is 
normally constructed of a low-height small-size inverted 
F-typc antenna apparatus called a planar inverted F an- 
tenna (PIFA). This inverted F-type antenna apparatus, 
which is an unbalanced type antenna, therefore oper- 
ates as an antenna with a large current flowing through 
the grounding conductor formed on the rear surface of 
the dielectric substrate 1 004. In this case, current stand- 
ing waves are generated when a dimension obtained by 



adding the length in the direction of the longer side of 
the grounding conductor to the length in the direction of 
the shorter side of the grounding conductor is greater 
than X/4 with respect to the wavelength X of the frequen- 
5 cy band of the radio wave which is used, and therefore, 
a wideband characteristic can be obtained. 
[0005] However, in the case of the built-in inverted F- 
type antenna apparatus of the folding type portable ra- 
dio communication apparatus, the dimension of the di- 
electric substrate, i.e., the donension of the grounding 
conductor is disadvantageous^ reduced in comparison 
with that of the built-in inverted F-type antenna appara- 
tus of the straight type portable radio communication ap- 
paratus 1001 . In this case, when the frequency band of 
the radio wave which is used is comparatively low, the 
dimension obtained by adding the length in the direction 
of the longer side of the grounding conductor and the 
length In the direction of the shorter side of the ground- 
ing conductor becomes smaller than A/4 with respect to 
the wavelength X of the frequency band of the radio 
wave which is used. 

Consequently, there has been such a problem that the 
grounding conductor stops contributing to the excitation 
of the antenna, disadvantageousfy leading to a narrow- 
band characteristic. 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to solve 
the aforementioned problems and provide an inverted 
F-type antenna apparatus which is built in a folding type 
portable radio communication apparatus, the antenna 
apparatus being capable of achieving a comparatively 
wideband characteristic even when the frequency band 
of the radio wave which is used is comparatively low and 
the grounding conductor does not contribute to the ex- 
citation of the antenna, as well as a portable radio com- 
munication apparatus that employs the antenna appa- 
ratus. 

[0007] Another object of the present invention is to 
provide an antenna apparatus which is built in a folding 
type portable radio communication apparatus, the an- 
tenna apparatus being capable of reducing the influence 
from a human body and reducing the radiation loss of 
the antenna apparatus, as well as a portable radio com- 
munication apparatus that employs the antenna appa- 
ratus. 

[0008] In order to achieve the aforementioned objec- 
tive, according to one aspect of the present invention, 
there is provided an inverted F-type antenna apparatus 
including a grounding conductor, an antenna element 
arranged on the grounding conductor so as to face the 
grounding conductor, and at least one coupling element 
provided between the grounding conductor and the an- 
tenna element so as to face the grounding conductor 
and the antenna element. The inverted F-type antenna 
apparatus further includes first connection means for 
electrically connecting the antenna element with the 
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grounding conductor at least in one place. 
[0009] In the above-mentioned inverted F-type anten- 
na apparatus, the grounding conductor, the antenna el- 
ement and the coupling element are arranged so as to 
be substantially parallel to each other. 
[001 0] In the above-mentioned inverted F-type anten- 
na apparatus, the antenna element and the grounding 
conductor are preferably arranged so that a distance be- 
tween the antenna element and the grounding conduc- 
tor in an end portion where the antenna element and the 
grounding conductor are electrically connected with 
each other by the first connection means is different 
from a distance between the antenna element and the 
grounding conductor in another end portion located op- 
posite to the end portion. 

[001 1 J I n the above-mentioned inverted F-type anten- 
na apparatus, the coupling element is preferably ar- 
ranged so as to be Inclined with respect to the grounding 
conductor. 

[0012] In the above-mentioned inverted F-type anten- 
na apparatus, the antenna element preferably has a 
shape curved along a configuration of a housing for ac- 
commodating the inverted F-type antenna apparatus. 
[001 3] In the above-mentioned inverted F-type anten- 
na apparatus, at least one of the coupling element and 
the antenna element is preferably provided with a bent 
portion. 

[001 4] In the above-mentioned inverted F-type anten- 
na apparatus, the grounding conductor is preferably 
provided with a bent portion. 

[001 5] In the above-mentioned inverted F-type anten- 
na apparatus, a length of a sum total of lengths of two 
mutually different sides of the grounding conductor is 
preferably equal to or smaller than a quarter of a wave- 
length corresponding to a lowest frequency band among 
frequency bands which are used by a portable radio 
communication apparatus that employs the inverted F- 
type antenna apparatus. 

[001 6] The above-mentioned inverted F-type antenna 
apparatus preferably further includes second connec- 
tion means for electrically connecting the antenna ele- 
ment with the coupling element at least in one place. 
[001 7] In the above-mentioned Inverted F-type anten- 
na apparatus, a connecting point of the second connec- 
tion means Is preferably arranged near a connecting 
point of the first connection means. 
[0018] In the above-mentioned inverted F-type anten- 
na apparatus, dimensions of the antenna element and 
the coupling element are preferably set so that the con- 
necting point of the second connection means is sub- 
stantially located in a portion of an anti-node of a current 
standing wave generated in the antenna element and 
the coupling element, and the coupling element oper- 
ates as a quarter-wave length resonator when the in- 
verted F-type antenna apparatus is excited by a radio 
signal of a predetermined wavelength. 
[001 9] In the above-mentioned inverted F-type anten- 
na apparatus, the antenna element and the coupling el- 



ement are preferably electrically connected with each 
other by a common feeding conductor. 
[0020] In the above-mentioned inverted F-type anten- 
na apparatus, the antenna element and the coupling el- 
5 ement are preferably electrically connected with each 
other by a common short-circuit conductor. 
[0021] In the above-mentioned inverted F-type anten- 
na apparatus, a resonance frequency of the inverted F- 
type antenna apparatus is preferably adjusted by form- 
1 ° ing a slit in the antenna element. 

[0022] In the above-mentioned inverted F-type anten- 
na apparatus, a resonance frequency of the inverted F- 
type antenna apparatus is preferably adjusted by form- 
ing a slit in the coupling element. 
15 [0023] In the above-mentioned inverted F-type anten- 
na apparatus, a resonance frequency of the Inverted F- 
type antenna apparatus Is preferably adjusted by form- 
ing a slot in the antenna element. 
[0024] In the above-mentioned inverted F-type anten- 
20 na apparatus, a resonance frequency of the inverted F- 
type antenna apparatus is preferably adjusted by form- 
ing a slot in the coupling element. 
[0025] In the above-mentioned inverted F-type anten- 
na apparatus, an amount of electromagnetic coupling 
25 between the antenna element and the grounding con- 
ductor is preferably adjusted by changing an area of at 
least one of the antenna element and the coupling ele- 
ment. 

[0026] In the above-mentioned inverted F-type anten- 
30 na apparatus, a dielectric is preferably filled In either one 
of a part of internal portion and the whole portion of the 
inverted F-type antenna apparatus. 
[0027] tn the above-mentioned inverted F-type anten- 
na apparatus, dimensions of the antenna element and 
35 the coupling element are preferably set so that the in- 
verted F-type antenna apparatus resonates in a plurality 
of frequency bands. 

[0028] According to another aspect of the present in- 
vention, there is provided a portable radio communica- 
40 tion apparatus including an upper housing, a lower 
housing, a hinge portion for coupling the upper housing 
with the lower housing, and the above-mentioned Invert- 
ed F-type antenna apparatus. In the portable radio com- 
munication apparatus, the inverted F-type antenna ap- 
« paratus is arranged inside of the upper housing. 

[0029] The above-mentioned portable radio commu- 
nication apparatus preferably further includes a monop- 
ole antenna. 

so BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] These and other objects and features of the 
present invention will become clear from the following 
description taken in conjunction with the preferred em- 
55 bodiments thereof with reference to the accompanying 
drawings throughout which like parts are designated by 
like reference numerals, and in which: 
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Fig. 1 A is a plan view showing a construction of an 
inverted F-type antenna apparatus 101 according 
to a first preferred embodiment of the present inven- 
tion; 

Fig. 1 B is a longitudinal sectional view taken along 5 
the lineA-A* of Fig. 1A; 

Fig. 2A is a graph showing a frequency character- 
istic of the reflection coefficient S u of a first antenna 
apparatus in the inverted F-type antenna apparatus 
101 of Figs. 1A and 1B; io 
Fig. 2B is a graph showing a frequency character- 
istic of the reflection coefficient of a second an- 
tenna apparatus in the inverted F-type antenna ap- 
paratus 101 of Figs. 1A and 1B; 
Fig. 2C Is a graph showing a frequency character- t5 
istic of the reflection coefficient when the first 
and second antenna apparatuses are combined 
with each other In the Inverted F-type antenna ap- 
paratus 101 of Figs. 1A and 1B; 
Fig. 3 A is a plan view showing a construction of an *o 
Inverted F-type antenna apparatus 102 according 
to a second preferred embodiment of the present 
invention; 

Fig. 3B is a longitudinal sectional view taken along 
the line B-B* of Fig. 3A; 2s 
Fig. 4 is a longitudinal sectional view showing a con- 
struction of an inverted F-type antenna apparatus 
102a according to a first modified preferred embod- 
iment of the second preferred embodiment of the 
present invention; 30 
Fig. 5 is a longitudinal sectional view showing a con- 
struction of an inverted F-type antenna apparatus 
102b according to a second modified preferred em- 
bodiment of the second preferred embodiment of 
the present invention; 35 
Fig. 6 is a longitudinal sectional view showing a con- 
struction of an inverted F-type antenna apparatus 
1 02c according to a third modified preferred embod- 
iment of the second preferred embodiment of the 
present invention; ao 
Fig. 7 is a longitudinal sectional view showing a con- 
struction of an inverted F-type antenna apparatus 
102d according to a fourth modified preferred em- 
bodiment of the second preferred embodiment of 
the present Invention; 43 
Fig. 8A Is a plan view showing a construction of an 
inverted F-type antenna apparatus 103 according 
to a third preferred embodiment of the present in- 
vention; 

Fig. 8B is a longitudinal sectional view taken along so 
the line C-C of Fig. 8A; 

Fig. 9 is a longitudinal sectional view showing a con- 
struction of an inverted F-type antenna apparatus 
103a according to a first modified preferred embod- 
iment of the third preferred embodiment of the 55 
present invention; 

Ftg. 1 0 is a longitudinal sectional view showing a 
construction of an inverted F-type antenna appara- 



tus 1 03b according to a second modified preferred 
embodiment of the third preferred embodiment of 
the present invention; 

Fig. 11 is a longitudinal sectional view showing a 
construction of an Inverted F-type antenna appara- 
tus 1 03c according to a third modified preferred em- 
bodiment of the third preferred embodiment of the 
present invention; 

Fig. 12 is a longitudinal sectional view showing a 
construction of an inverted F-type antenna appara- 
tus 103d according to a fourth modified preferred 
embodiment of the third preferred embodiment of 
the present invention; 

Fig. 1 3A is a plan view showing a construction of an 
inverted F-type antenna apparatus 104 according 
to a fourth preferred embodiment of the present in- 
vention; 

Fig. 1 3B te a longitudinal sectional view taken along 
the line D-D' of Fig. 13A; 

Fig. 1 4A is a plan view showing a construction of an 
inverted F-type antenna apparatus 105 according 
to a fifth preferred embodiment of the present inven- 
tion; 

Fig. 1 4B is a longitudinal sectional view taken along 
the line E-E 1 of Fig. 14A; 

Fig. 1 5A is a plan view showing a construction of an 
inverted F-type antenna apparatus 1 05a according 
to a modified preferred embodiment of the fifth pre- 
ferred embodiment of the present invention; 
Fig. 1 5B is a longitudinal sectional view taken along 
the line F-Fof Fig. 15A; 

Fig. 1 6A is a plan view showing a construction of an 
inverted F-type antenna apparatus 106 according 
to a sixth preferred embodiment of the present in- 
vention; 

Fig. 1 6B is a longitudinal sectional view taken along 
the line G-G* of Fig. 16A; 

Fig. 1 7A is a plan view showing a construction of an 
inverted F-type antenna apparatus 106a according 
to a first modified preferred embodiment of the sixth 
preferred embodiment of the present invention; 
Fig. 1 7B is a longitudinal sectional view taken along 
the line H-H'of Fig. 17A; 

Fig. 18 is a longitudinal sectional view showing a 
construction of an Inverted F-type antenna appara- 
tus 106b according to a second modified preferred 
embodiment of the sixth preferred embodiment of 
the present invention; 

Fig. 19 is a longitudinal sectional view showing a 
construction of an inverted F-type antenna appara- 
tus 1 06c according to a third modified preferred em- 
bodiment of the sixth preferred embodiment of the 
present invention; 

Fig. 20A is a plan view showing a construction of an 
inverted F-type antenna apparatus 107 according 
to a seventh preferred embodiment of the present 
invention; 

Fig. 20B is a plan view of an antenna element 12e 
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of Fig. 20 A; 

Fig. 20C is a plan view of a coupling element 13e 
of Fig. 20A; 

Fig. 20D is a plan view of a coupling element 14e 
of Fig. 20A; 

Fig. 21 is a longitudinal sectional view taken along 
the line M' of Fig. 20A; 

Fig. 22 is a Smith chart showing a frequency char- 
acteristic of the input impedance of the inverted F- 
type antenna apparatus 1 07 shown in Figs. 20A and 
21; 

Fig. 23 is a graph showing a frequency character- 
istic of the voltage standing wave ratio (VSWR) of 
the inverted F-type antenna apparatus 107 shown 
in Figs. 20A and 21; 

Fig. 24 is a plan view showing a construction of an 
antenna element 12f according to a first modified 
preferred embodiment of the seventh preferred em- 
bodiment, or a modified preferred embodiment of 
the antenna element of the inverted F-type antenna 
apparatus 107 shown in Figs. 20A and 21 ; 
Fig. 25 is a plan view showing a construction of a 
coupling element 13f according to a second modi- 
fied preferred embodiment of the seventh preferred 
embodiment, or a modified preferred embodiment 
of the coupling element of the inverted F-type an- 
tenna apparatus 107 shown in Figs. 20A and 21; 
Fig. 26A is a plan view showing a construction of an 
inverted F-type antenna apparatus 108 according 
to an eighth preferred embodiment of the present 
invention; 

Fig. 26B is a longitudinal sectiona'l view taken along 
the line J-J' of Fig. 26A; 

Fig. 27A is a plan view showing a construction of a 
portable radio communication apparatus 1101 ac- 
cording to a ninth preferred embodiment of the 
present invention; 
Fig. 27B is a side view of Fig. 27A; 
Fig. 28A is a plan view showing a construction of a 
portable radio communication apparatus 11 01 a ac- 
cording to a modified preferred embodiment of the 
ninth preferred embodiment of the present inven- 
tion; 

Fig. 28B is a side view of Fig. 28A; 
Fig. 29A Is a plan view showing a construction of a 
portable radio communication apparatus 2100 ac- 
cording to a tenth preferred embodiment of the 
present invention with part removed; 
Fig. 29B is a side view of Fig. 29A; 
Fig. 30A is a plan view showing a construction of a 
built-in antenna apparatus 2200 according to an 
eleventh preferred embodiment of the present in- 
vention; 

Fig. 30B is a side view showing a construction of 
the built-in antenna apparatus 2200 of Fig. 30A; 
Fig. 31 A is a plan view showing a construction of a 
portable radio communication apparatus 1001 ac- 
cording to a prior art; and 



Fig. 318 is a plan view schematically showing a 
construction of a dielectric substrate 1004 provided 
with the inverted F-type antenna apparatus 1005 of 
Fig. 31 A. 

5 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031 J Various preferred embodiments of the present 
10 invention will be described below with reference to the 
drawings. It is to be noted that the same components 
are denoted by the same reference numerals in the 
drawings, and no detailed description is provided there- 
for. 

15 

FIRST PREFERRED EMBODIMENT 



[0032] Fig. 1 A Is a plan view showing a construction 
of an inverted F-type antenna apparatus 101 according 
to the first preferred embodiment of the present inven- 
tion, and Fig. 1B is a longitudinal sectional view taken 
along the line A- A 1 of Fig. 1 A. As shown in Figs. 1 A and 
1 B f the inverted F-type antenna apparatus 101 accord- 
ing to the present preferred embodiment is character- 
ized in that a coupling element 13 is Inserted between 
a grounding conductor 11 and an antenna element 12 
which are arranged so as to be parallel to each other, 
and the coupling element 13 is electrically connected 
with the antenna element 12 via a connection conductor 
23. 



20 



25 



30 



[0033] ^efe^gjoj^ip^^ inverted F- 

typejirfenna^paratus with a«j«Sanp 

gular ptete-shape plp^pua oUag^ andaTeeo^ 
ing point 25 provided in a predetermined portion of the 
Jf *ffl3LUM^ 1 1 , and further irK:ludes ( ^&1i^itenP 

<^na el emejn^ l^constructed of a rectangular^iate^ 
shapea conductor, a columnar pin-shaped short-circuit 
condu ctor22 > acolumna r pin-shaoed feeding conriiifftor 
21 » a^o upHng elemenPi> constructed of a rectangular 
plate-shaped conductor and a columnar pin-shaped 
connection conductor 23. 

[0034] The antenna element 1 2 is arranged while be- 
ing supported by the connection conductor 23, the short- 
circuit conductor 22 and the feeding conductor 21 so as 
to become substantially parallel to the grounding con- 
ductor 1 1 and the coupling element 1 3, and the antenna 
element 12 is electrically connected with the grounding 
conductor 11 via the short-circuit conductor 22. One end 
of the feeding conductor 2 1 is electrfcally co nnected with 
the antenna element 1 2, and another end of the feeding 
conductor 21 is electrically connected with the feeding 
point 25 on the grounding conductor 11. Further, the 
coupling element 13 is arranged between the grounding 
conductor 11 and the antenna element 12 so as to be- 
come substantially parallel to the grounding conductor 
11 and the antenna element 12, and the coupling ele- 
ment 13 is electrically connected with the antenna ele- 
ment 12 via the connection conductor 23. In this case, 
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it is important that the connection conductor 23 is ar- 
ranged in the vicinity of the short-circuit conductor 22 or 
the feeding conductor 21 . 

[0035] A feeding coaxial cable 30 is constructed of a 
central conductor 31 and a grounding conductor 33 
wound around the centra! conductor 31 via a dielectric 
32, and the feeding coaxial cable 30 is wired from a radio 
equipment (not shown) of a portable radio communica- 
tion apparatus to the feeding point 25 of the inverted F- 
type antenna apparatus 101. Although a protective 
sheathing is formed around the grounding conductor 33 
of the feeding coaxial cable 30, the sheathing is not 
shown in the drawings. At the feeding point 25 t the cen- 
tral conductor 31 of the feeding coaxial cable 30 is con- 
nected with one end of the feeding conductor 21 , while 
the grounding conductor 33 of the feeding coaxial cable 
30 Is connected with the grounding conductor 11 . 
[0036] The principle of operation of the Inverted F- 
type antenna apparatus 101 of the present preferred 
embodiment will be described next. This inverted F-type 
antenna apparatus 101 has a structure such that the 
coupling element 13 is inserted between the grounding 
conductor 11 and the antenna element 12 in a PI FA por- 
tion constructed of the antenna element 12 ( the short- 
circuit conductor 22 and the feeding conductor 21 , elec- 
trically connecting the antenna element 1 2 with the cou- 
pling element 13 via the connection conductor 23. It is 
important that the connection conductor 23 is arranged 
in the vicinity of a portion where the anti-node of the cur- 
rent standing wave generated on the antenna element 
12 is located when the inverted F-type antenna appara- 
tus 1 01 Is excited with a radio signal of a predetermined 
wavelength. In other words, it is important that one end 
of the connection conductor 23 is connected with the 
antenna element 12 in the vicinity of either the short- 
circuit conductor 22 or the feeding conductor 21 . With 
this arrangement, the coupling element 13 has the anti- 
node of the current standing wave (maximum current 
point) in the vicinity of the connecting point to the con- 
nection conductor 23, and then, operates as a A/4 res- 
onator where X denotes a wavelength of a frequency 
which is used in the antenna apparatus. In other words, 
It is preferable to set the lengths of the antenna element 
12 and the coupling element 13 so as to operate in a 
manner as described above. 

[0037] That Is, the Inverted F-type antenna apparatus 
1 01 has the following first and second antenna appara- 
tus each having a loop circuit; 

(a) A first antenna apparatus having a first loop cir- 
cuit whose length is a half-wave length, where the 
first loop circuit starts from the feeding point 25 via 
the feeding conductor 21 , the connection conductor 
23, the coupling element 13 to reach the terminal 
end portion (located on the tower side in Fig. 1 B) of 
the coupling element 1 3 and further starts therefrom 
via the coupling element 1 3, the connection con- 
ductor 23, a part of the antenna element 1 2 and the 



10 



short-circuit conductor 22 to the grounding conduc- 
tor 11; and 

(b) A second antenna apparatus having a second 
loop circuit whose length is a half-wave length, 
where the second loop circuit starts from the feed- 
ing point 25 via the feeding conductor 21 and the 
antenna element 12 to reach the terminal end por- 
tion of the antenna element 1 2 (located on the lower 
side in Fig. 1 B) and further starts therefrom via the 
antenna element 12 and the short-circuit conductor 
22 to the grounding conductor 11 . 



[0038] Therefore, each of the antenna element 1 2 and 
the coupling element 13 preferably constitutes a quar- 
ts ter-wavelength resonator at the resonance frequencies 
of these two first and second antenna apparatuses. 
[0039] The radio signal inputted via the feeding point 
25 Is mainly radiated from the antenna element 12 and 
the coupling element 13 via the feeding conductor 21 . 

20 At this time, by providing a slight frequency difference 
between the resonance frequency of the first antenna 
apparatus and the resonance frequency of the second 
antenna apparatus, a wideband frequency characteris- 
tic can be obtained. 

25 [0040] In the graph of Fig. 2A, the reference numeral 
201 indicates a frequency characteristic curve of the re- 
flection coefficient S u of the first antenna apparatus, in 
the inverted F-type antenna apparatus 1 01 of Figs. 1 A 
and 1 B. in the graph of Fig. 2B, the reference numeral 

so 202 indicates a frequency characteristic curve of the re- 
flection coefficient of the second antenna apparatus 
in the inverted F-type antenna apparatus 101 of Figs. 
1A and 1B. In the graph of Fig. 2C, the reference nu- 
meral 203 indicates a frequency characteristic curve of 

35 the reflection coefficient of the combination of the 
first and second antenna apparatuses in the inverted. F- 
type antenna apparatus 101 of Figs. 1A and 1B. 
[0041] It Is herein considered the case where the fre- 
quency characteristic of the first antenna apparatus in- 

*o eluding the coupling element 13 has a minimum amount 
of reflection loss at 1 a resonance frequency f1 as indi- 
cated by 201 of Fig. 2A and the frequency characteristic 
of the second antenna apparatus including the antenna 
element 12 has a minimum amount of reflection loss at 
a resonance frequency f2 as Indicated by 202 of Fig. 2B. 
In this case, by adjusting not only the areas of the an- 
tenna element 12 and the coupling element 13 but also 
the distances from the grounding conductor 11 to these 
elements 12 and 1 3 so that the resonance frequency f 1 

50 and the resonance frequency f2 are slightly different 
from each other, the frequency characteristic of the 
amount of reflection loss of the present antenna appa- 
ratus when being seen from the feeding point 25 has 
two peaks at the resonance frequency f 1 and resonance 

55 frequency f2, as indicated by 203 of Fig. 2C. As a result, 
with regard to the frequency characteristic of the amount 
of reflection loss of the whole antenna apparatus, there 
can be obtained a very wideband frequency character- 
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istic in comparison with the characteristic of each of the 
antenna apparatuses. 

[0042] Although the coupling element 1 3 operates as 
a A/4 resonator according to the above description of 
the present preferred embodiment, the present inven- 
tion is not limited to this. It is acceptable to operate the 
coupling element 13 as a resonator that has a reso- 
nance wavelength of any of odd multiples of A/4. It is 
also acceptable to operate the coupling element 13 as 
a resonator that has a . resonance wavelength of any of 
even multiples of A/4. Most preferably, the coupling el- 
ement 13 is operated as a A/2 resonator. In this case, it 
is preferable to connect the connection conductor 23 
with the antenna element 1 2 in a portion of a node (mln- 
imum current point) of the current distribution of the an- 
tenna element 12, i.e., at the open end thereof. 
[0043] Furthermore, by filling a region surrounded by 
the grounding conductor 1 1 and the antenna element 1 2 
partially or totally with a dielectric, namely, by filling the 
dielectric in a part of the internal portion or the whole 
portion of the region, the resonance frequency can be 
reduced, and the antenna apparatus is allowed to have 
a small size and a reduced weight with respect to an 
identical resonance.frequency. Moreover, the shape of 
the antenna apparatus can be stably fixed, and there- 
fore, characteristic variations in mass production can be 
suppressed. 

[0044] In the aforementioned preferred embodiment, 
the feeding conductor 21 , the short-circuit conductor 22 
and the connection conductor 23 are fixedly supported 
by pressing and inserting respective end portions there- 
of into respective holes formed in the grounding conduc- 
tor 1 1 , the antenna element 1 2 and the coupling element 
1 3 so that respective end portions thereof are electrical- 
ly connected with the grounding conductor 11, the an- 
tenna element 12 and the coupling element 13, respec- 
tively. However, the present invention Is not limited to 
this, and it is acceptable to fixedly support these con- 
ductors 21 , 22 and 23 by soldering these conductors 21 , 
22 and 23 with the grounding conductor 1 1 , the antenna 
element 12 and the coupling element 13. These modi- 
fied preferred embodiments can be also applied to re- 
spective preferred embodiments which will be described 
later. 

[0045] The feeding conductor 21, the short-circuit 
conductor 22 and the connection conductor 23 are 
formed so as to have a columnar pin-like shape in the 
above-mentioned preferred embodiment. However, the 
present invention is not limited to this, and it is accept- 
able to make them have a rectangular columnar pin-like 
shape, a rectangular plate-like shape, a strip plate-like 
shape or the like. These modified preferred embodi- 
ments can be also applied to respective preferred em- 
bodiments which will be described later. 



of an inverted F-type antenna apparatus 102 according 
to the second preferred embodiment of the present in- 
vention, and Fig. 3B is a longitudinal sectional view tak- 
en along the line B-B* of Fig. 3A. As shown in Figs. 3A 
5 and 3B, the inverted F-type antenna apparatus 102 of 
the present preferred embodiment is provided with a 
grounding conductor 1 1 and a feeding point 25 and fur- 
ther includes an antenna element 12 constructed of a 
rectangular plate-shaped conductor, a short-circuit con- 
io ductor 22, a feeding conductor 21 and a coupling ele- 
ment 13 made of a rectangular plate-shaped conductor. 
[0047] Referring to Figs. 3A and 3B, the antenna ele- 
ment 12 and the grounding conductor 11 are arranged 
so as to be substantially parallel to each other and to 
f* face each other, and the antenna element 12 is electri- 
cally connected with the grounding conductor 1 1 via the 
• short-circuit conductor 22. One end of the feeding con- 
ductor 21 is electrically connected with the antenna el- 
ement 12. Another end of the feeding conductor 21 is 
*> connected with the feeding coaxial cable 30 at the feed- 
ing point 25 on the grounding conductor 1 1 , in a manner 
similar to that of the first preferred embodiment. More- 
over, the coupling element 13 is inserted between the 
antenna element 12 and the grounding conductor 11 
25 and electrically connected wrth the feeding conductor 
21. 

[0048] Also, in the inverted F-type antenna apparatus 
102 of the present preferred embodiment constructed 
as above, by adjusting the areas of the antenna element 

x> 12 and the coupling element 13. the distance from the 
grounding conductor 1 1 to the antenna element 1 2 and/ 
or the distance from the grounding conductor 11 to the 
coupling element 13 so as to make the resonance fre- 
quencies of the antenna apparatuses of the two loop cir- 

35 curts which are slightly different from each other, a wide- 
band frequency characteristic can be obtained. Further, 
by making the feeding conductor21 function as the con- 
nection conductor 23 of the first preferred embodiment, 
the antenna structure can be simplified and made surt- 

40 able for mass production . 

MODIFIED PREFERRED EMBODIMENTS OF 
SECOND PREFERRED EMBODIMENT 



SECOND PREFERRED EMBODIMENT 

[0046] Fig. 3A is a plan view showing a construction 



45 [0049] Fig. 4 Is a longitudinal sectional view showing 
a construction of an inverted F-type antenna apparatus 
102a according to the first modified preferred embodi- 
ment of the second preferred embodiment of the present 
invention. In comparison with the inverted F-type anten- 
s ° na apparatus 1 02 of the second preferred embodiment, 
this inverted F-type antenna apparatus 102a is charac- 
terized by being constituted by a grounding conductor 
11 and a coupling element 13 formed on two mutually 
different surfaces on a dielectric substrate 41 and an an- 
55 tenna element 12 formed on a dielectric substrate 42, 
and further, a feeding conductor 21 and a short-circuft 
conductor 22 are each made of a through hole conduc- 
tor formed by filling a through hole, which penetrates the 
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dielectric substrates 41 and 42 in the direction of thick- 
ness, with a metallic conductor. In this case, the coupling 
element 13 is electrically connected with the feeding 
conductor 21 but not electrically connected with the 
short-circuit conductor 22. It is to be noted that the cou- 
pling element 13 may be formed on the dielectric sub- 
strate 42. The inverted F-type antenna apparatus 102a 
constructed as above has operation and advantageous 
effects similar to those of the first and second preferred 
embodiments. By changing the thickness of each of the 
dielectric substrates 41 and 42, the distance between 
the grounding conductor 11 and the coupling element 
13 and the distance between the coupling element 13 
and the antenna element 12 can be changed, and the 
amount of electromagnetic field coupling between these 
can be adjusted. 

[0050] Fig. 5 Is a longitudinal sectional view showing 
a construction of an inverted F-type antenna apparatus 
102b according to the second modified preferred em- 
bodiment of the second preferred embodiment of the 
present invention. In comparison with the inverted F- 
type antenna apparatus 102 of the second preferred 
embodiment, this inverted F*type antenna apparatus 
102b can reliably fix and support the respective compo- 
nents of the inverted F-type antenna apparatus 102b by 
filling a space between the grounding conductor 1 1 and 
the antenna element 12 with a dielectric 45. 
[0051] Fig. 6 is a longitudinal sectional view showing 
a construction of an inverted F-type antenna apparatus 
102c according to the third modified preferred embodi- 
m ent of the second preferred embodiment of the present 
invention. In comparison with the inverted F-type anten- 
na apparatus 1 02 of the second preferred embodiment, 
this inverted F-type antenna apparatus 102c is con- 
structed of a grounding conductor 11 formed on a die- 
lectric substrate 43. Further, by filling a space between 
a region of a part of the left-side flat surface of the cou- 
pling element 13 in the figure, and the dielectric sub- 
strate 43 with a dielectric 46, and also by filling a space 
between a region of a part of the right-side flat surface 
of the coupling element 1 3 in the figure, and the antenna 
element 12 with a dielectric 47, the respective compo- 
nents of the inverted F-type antenna apparatus 102c 
can be reliably fixed and supported. 
[0052] Fig. 7 Is a longitudinal sectional view showing 
a construction of an Inverted F-type antenna apparatus 
102d according to the fourth modified preferred embod- 
iment of the second preferred embodiment of the 
present invention. In comparison with the inverted F- 
type antenna apparatus 102 of the second preferred 
embodiment, this inverted F-type antenna apparatus 
102d can reliably fix and support the respective compo- 
nents of the inverted F-type antenna apparatus 102d by 
filling a space between a region of a part of the left-side 
flat surface of the coupling element 13 in the figure, and 
the grounding conductor 11 with a dielectric 46 and by 
filling a space between a region of a part of the right- 
side flat surface of the coupling element 1 3 in the figure, 



and the antenna element 12 with a dielectric 47. 

THIRD PREFERRED EMBODIMENT 

5 [0053] Rg. 8A is a plan view showing a construction 
of an inverted F.-type antenna apparatus 103 according 
to the third preferred embodiment of the present inven- 
tion, and Fig. 8B is a longitudinal sectional view taken 
along the line C-C of Rg. 8A. As shown in Figs. 8A and 
10 8B, the inverted F-type antenna apparatus 103 of the 
present preferred embodiment is provided with a 
grounding conductor 1 1 and a feeding point 25, and fur- 
ther includes an antenna elemenM2 constructed of a 
rectangular plate-shaped conductor, a short-circuit con- 
is ductor 22, a feeding conductor 21 and a coupling ele- 
ment 1 3 constructed of a rectangular plate-shaped con- 
ductor. This antenna apparatus 1 03 Is characterized In 
that the short-circuit conductor 22 is used as a connec- 
tion conductor. 

[0054] Referring to Figs. 8A and 8B, the antenna ele- 
ment 1 2 and the grounding conductor 1 1 are arranged 
so as to be substantially parallel to each other and to 
face each other, and the antenna element 12 Is electri- 
cally connected with the grounding conductor 1 1 via the 
short-circuit conductor 22. One end of the feeding con- 
ductor 21 is electrically connected with the antenna el- 
ement 12, while another end of the feeding conductor 
21 is connected with the feeding coaxial cable 30 at the 
feeding point 25 on the grounding conductor 11 , in a 
manner similar to that of the first preferred embodiment. 
Moreover, the coupling element 13 is inserted between 
the antenna element 12 and the grounding conductor 

11 and electrically connected with the short-circuit con- 
ductor 22. 

[0055] Also, In the inverted F-type antenna apparatus 
103 of the present preferred embodiment constructed 
as above, by adjusting the areas of the antenna element 

12 and the coupling element 13, the distance from the 
grounding conductor 11 to the antenna element 12 and/ 
or the distance from the grounding conductor 11 to the 
coupling element 13 so as to make the resonance fre- 
quencies of the antenna apparatuses of the two loop cir- 
cuits which are slightly different from each other, a wide- 
band frequency characteristic can be obtained. Further, 
by making the short-circuit conductor 22 function as the 
connection conductor 23 of the first preferred embodi- 
ment, the antenna structure can be simplified and made 
suitable for mass production. 

MODIFIED PREFERRED EMBODIMENTS OF THIRD 
PREFERRED EMBODIMENT 

[0056] Rg. 9 is a longitudinal sectional view showing 
a construction of an Inverted F-type antenna apparatus 
103a according to the first modified preferred embodi- 
ment of the third preferred embodiment of the present 
invention. In comparison with the inverted F-type anten- 
na apparatus 1 03 of thethird preferred embodiment, this 
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inverted F-type antenna apparatus 1 03a is character- 
ized in that the antenna apparatus 103 includes a 
grounding conductor 11 and a coupling elemeni 13 
formed on two different surfaces on a dielectric sub- 
strate 41 and an antenna element 12 formed on a die- s 
lectric substrate 42, and further, a feeding conductor 21 
and a short-circuit conductor 22 are each constructed 
of a through hole conductor formed by filling a through 
hole, which penetrates the dielectric substrates 41 and 
42 in the direction of thickness, with a metallic conduc- to 
tor. In this case, the coupling element 13 is electrically 
connected with the short-circuit conductor 22, however, 
is not electrically connected with the feeding conductor 
21. It is to be noted that the coupling element 13 may 
be formed on the dielectric substrate 42. The inverted *s 
F-type antenna apparatus 103a constructed as above 
has operatio n and advantageous effects similar to those 
of the first to third preferred embodiments. By changing 
the thickness of each of the dielectric substrates 41 and 
42, the distance between the grounding conductor 11 20 
and the coupling element 13 and the distance between 
the coupling element 13 and the antenna element 12 
can be changed, and the amount of electromagnetic 
field coupling between these can be adjusted. 
[0057] Fig. 1 0 Is a longitudinal sectional view showing 2s 
a construction of an inverted F-type antenna apparatus 
103b according to the second modified preferred em- 
bodiment of the third preferred embodiment of the 
present invention. In comparison with the inverted F- 
type antenna apparatus 103 of the third preferred em- 30 
bodiment, this inverted F-type antenna apparatus 103b 
can reliably fix and support the respective components 
of the inverted F-type antenna apparatus 103b by filling 
a space between the grounding conductor 11 and the 
antenna element 1 2 with a dielectric 45. 35 
[0056] Fig, 1 1 1s a longitudinal sectional view showing 
a construction of an inverted F-type antenna apparatus 
1 03c according to the third modified preferred embodi- 
ment of the third preferred embodiment of the present 
invention. In comparison with the inverted F-type anten- 40 
na apparatus 1 03 of the third preferred embodiment, this 
inverted F-type antenna apparatus 103c is constituted 
by a grounding conductor 11 formed on a dielectric sub- 
strate 43, and is able to reliably fix and support the re- 
spective components of the Inverted F-type antenna ap- *s 
paratus 103c by filling a space between a region of a 
part of the left-side flat surface of the coupling element 
13 in the figure, and the dielectric substrate 43 with a 
dielectric 46 and by filling a space between a region of 
a part of the right-side flat surface of the coupling ele- so 
ment 13 in the figure and the antenna element 12 with 
a dielectric 47. 

[0059] Fig. 1 2 is a longitudinal sectional view showing 
a construction of an inverted F-type antenna apparatus 
1 03d according to the fourth modified preferred embod- ss 
iment of the third preferred embodiment of the present 
invention. In comparison with the inverted F-type anten- 
na apparatus 1 03 of the third preferred embodiment, this 



inverted F-type antenna apparatus 1 03d can reliably fix 
and support the respective components of the inverted 
F-type antenna apparatus 103d by filling a space be- 
tween a region of a part of the left-side flat surface of 
the coupling element 1 3 in the figure, and the grounding 
conductor 11 with a dielectric 46, and also by filling a 
space between a region of a part of the right-side flat 
surface of the coupling element 13 in the figure and the 
antenna element 12 with a dielectric 47. 

FOURTH PREFERRED EMBODIMENT 

[0060] Fig. 1 3A is a plan view showing a construction 
of an inverted F-type antenna apparatus 104 according 
to the fourth preferred embodiment of the present inven- 
tion, and Fig. 13B is a longitudinal sectional view taken 
along the line D-D* of Fig. 13A. In comparison with the 
inverted F-type antenna apparatus 103 of the second 
preferred embodiment shown in Figs. 3A and 3B, this 
inverted F-type antenna apparatus 104, as shown in 
Figs. 13Aand13B, is characterized in that a further cou- 
pling element 14 is inserted between the coupling ele- 
ment 13 and the grounding conductor 11. In this case, 
the coupling element 14 is electrically connected with 
the feeding conductor 21 , however, Is not electrically 
connected with the short-circuit conductor 22. 
[0061] in the inverted F-type antenna apparatus 104 
constructed as above, by adjusting not only the areas 
of the antenna element 12 and the coupling elements 

13 and 14 but also the respective distances from the 
grounding conductor 1 1 to the coupling elements 13 and 

14 or the antenna element 12 so as to make the reso- 
nance frequencies of the plurality of antenna apparatus- 
es of a plurality of loop circuits be slightly different from 
each other, a wideband characteristic can be obtained. 
Moreover, it is enabled to perform impedance matching 
between the antenna apparatus 1 04 and the feeding co- 
axial cable 30 so as to cover a plurality of frequency 
bands by means of the plurality of coupling elements 1 3 
and 1 4. Furthermore, it is acceptable to fill a space be- 
tween the grounding conductor 11 and the antenna el- 
ement 12 partially or totally with a dielectric, namely, to 
fill the dielectric in a part of the internal portion or the 
whole portion of the space, or to arrange a dielectric sub- 
strate, In a manner similar to those of the first to fourth 
modified preferred embodiments of the second pre- 
ferred embodiment. In this case, the advantageous ef- 
fect of reducing the resonance frequency can be expect- 
ed, and characteristic variations in mass production can 
be suppressed by stably fixing the shape of the antenna 
apparatus. 

FIFTH PREFERRED EMBODIMENT 

[0062] Fig. 1 4A is a plan view showing a construction 
of an Inverted F-type antenna apparatus 105 according 
to the, fifth preferred embodiment of the present inven- 
tion, and Fig. 14B is a longitudinal sectional view taken 



10 



BNSDCCtD: <EP _1263083A2_L> 



17 



EP 1 263 083 A2 



18 



along the line E-E' of Fig. 14A. In comparison with the 
inverted F-type antenna apparatus 102 of the second 
preferred embodiment, this inverted F-type antenna ap- 
paratus 105, as shown in Figs. 14A and 14B, is charac- 
terized by including an antenna element 1 2a whose low- 
er portion in the figure is formed in a meandering con- 
figuration with a plurality of slits 1 2s arranged parallel to 
the shorter side direction and a coupling element 13a 
whose lower portion in the figure is formed in a mean- 
dering configuration with a plurality of slits 1 3s arranged 
parallel to the shorter side direction. 
[0063] In the inverted F-type antenna apparatus 105 
constructed as above, by forming a plurality of slits 12s 
and 13s in the antenna element 12a and the feeding el- 
ement 13a, there can be obtained such advantageous 
effects as reducing the resonance frequencies and in- 
creasing the reactance component by virtue of their in- 
creased path lengths and the advantageous effect of in- 
creasing the reactance component by virtue of the re- 
duced amount of coupling accompanied by their areal 
reduction. Taking advantage of these effects, in addition 
to the fact that impedance matching between the anten- 
na apparatus 1 05 and the feeding coaxial cable 30 and 
the adjustment of the resonance frequency of the an- 
tenna apparatus 1 05 can be easily done, the reduction 
in the resonance frequency of the antenna apparatus 
1 05 can be achieved to allow the antenna apparatus 1 05 
to have a small size and a reduced weight. That is, when 
the capacitive coupling between the antenna element 
12a and the coupling element 13a and the capacitive 
coupling between the coupling element 13a and the 
grounding conductor 11 are comparatively large, by ad- 
justing the areas of the slits 1 2s and 1 3s so that the op- 
posing area therebetween is reduced with the path 
length maintained constant, the capacitive coupling be- 
tween these can be reduced to allow impedance match- 
ing to be achieved. Further, by adjusting not only the 
distance between the antenna element 1 2a and the cou- 
pling element 13a but also the distance between the 
coupling element 13a and the grounding conductor 11 , 
the adjustment of impedance matching can easily be 
performed. 

[0064] In the aforementioned preferred embodiment, 
the structural example in which both the antenna ele- 
ment 12a and the coupling element 13a are provided 
with the slits 1 2s and 13s has been described. However, 
the present invention is not limited to this, and at least 
one of the antenna element 12a and the coupling ele- 
ment 13a may be provided with the slits 12s and 13s. 
Moreover, by providing at least one of the antenna ele- 
ment 1 2a and the coupling element 1 3a with a slot and 
by adjusting the amount of electromagnetic field cou- 
pling between the antenna element 12a and the cou- 
pling element 13a and the amount of electromagnetic 
field coupling between the coupling element 13a and the 
grounding conductor 11, the adjustment of impedance 
matching between the input impedance of the antenna 
apparatus 1 05 and the feeding coaxial cable 30 can be 



easily done. Moreover, by providing at least one of the 
antenna element 1 2a and the coupling element 1 3a with 
a slot, the resonance frequency of the antenna element 
can be adjusted. 
5 [0065] Although the aforementioned preferred em- 
bodiment is provided with one coupling element 1 3a, the 
present invention is not limited to this. By inserting and 
arranging two or more coupling elements 13a between 
the antenna element 12a and the grounding conductor 

to 11, a frequency characteristic of a wider band can be 
achieved. In this case, by using a plurality of coupling 
elements 13a, impedance matching can be achieved so 
as to cover a plurality of frequency bands. 
[0066] Moreover, by forming a slit in the grounding 

*5 conductor 11 and by adjusting the amount of electro- 
magnetic field coupling between the grounding conduc- 
tor 11 and the antenna element 12a, operation and ad- 
vantageous effects similar to above can be obtained. 
Furthermore, in the aforementioned preferred embodi- 

20 ment, the structural example in which the feeding con- 
ductor 21 is made to function as a connection conductor. 
However, the present invention is not limited to this, and 
it is acceptable to use the short-circuit conductor 22 as 
a connection conductor or provide a further connection 

25 conductor for connecting the coupling element 1 3a with 
the antenna element 12a. Furthermore, the space sur- 
rounded by the grounding conductor 1 1 and the antenna 
element 12a may be filled partially or totally with a die- 
lectric, namely the dielectric may be filled in a part of the 

30 internal portion or the whole portion of the space. In this 
case, the advantageous effect of reducing the reso- 
: nance frequency can be obtained, and the shape of the 
antenna apparatus can be stably fixed. Therefore, elec- 
trical characteristic variations in mass production can be 

35 suppressed. 

MODIFIED PREFERRED EMBODIMENT OF FIFTH 
PREFERRED EMBODIMENT 

40 [0067] Fig. 1 5A is a plan view showing a construction 
of an inverted F-type antenna apparatus 1 05a according 
to the modified preferred embodiment of the fifth pre- 
ferred embodiment of the present invention, and Fig. 
15B is a longitudinal sectional view taken along the line 

45 f-F' of Fig. 15A. In comparison with the inverted F-type 
antenna apparatus 105 of the fifth preferred embodi- 
ment, this inverted F-type antenna apparatus 105a, as 
shown in Figs. 15A and 15B. is characterized in that a 
plurality of slits 12s formed in the antenna element 12b 

so and a plurality of slits 1 3s formed in the coupling element 
13b face each other, respectively. In the inverted F-type 
antenna apparatus 105a constructed as above, direc- 
tions 901 and 902 of the currents that flow on the anten- 
na element 12b as shown in Fig. 15A can be made to 

55 coincide with directions 911 and 91 2, respectively, of the 
currents that flow on the coupling element 1 3b. By align- 
ing these directions of the currents, the radiation effi- 
ciency of the inverted F-type antenna apparatus 105a 
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can be improved, and the antenna gain can be im- 
proved. 

SIXTH PREFERRED EMBODIMENT 

•. [0068] Fig. 16A Is a plan view showing a construction 
of an inverted F-type antenna apparatus 106 according 
to the sixth preferred embodiment of the present inven- 
tion, and Fig. 1 6B is a longitudinal sectional view taken 
along the line G-G' of Fig. 16A, In comparison with the 
inverted F-type antenna apparatus 102 shown in Figs. 
3A and 3B, this inverted F-type antenna apparatus 1 06, 
as shown in Figs. 16A and 16B, is constructed in such 
a manner that the coupling element 13c is perpendicu- 
larly bent in two portions parallel to the shorter side di- 
rection thereof, and the coupling element 13c is con- 
structed of the followlngs: 

(I) a portion 13ca parallel to the grounding conduc- 
tor 11 and the antenna element 12; 

(ii) a portion 13cb perpendicular to the grounding 
conductor 11 and the antenna element 12; and 

(iii) a portion 1 3cc parallel to the grounding conduc- 
tor 11 and the antenna element 12. 

[0069] In this case, it is set such that a distance be- 
tween the portion 13cc and the antenna element 12 be- 
comes shorter than a distances between the portion 
13ca and the antenna element 12 and the amount of 
electromagnetic field coupling between the antenna el- 
ement 12 and the coupling element 13c is increased. 
[0070] That is, the coupling element 1 3c has one por- 
tion bent and has a step-shaped configuration with a dif- 
ference in level. With this arrangement, the distance be- 
tween the grounding conductor 11 and the coupling el- 
ement 13c and the distance between the antenna ele- 
ment 12 and the coupling element 13c are changed de- 
pending on the positions of these elements in the longi- 
tudinal direction. Consequently, the distance is changed 
between, the portion 13ca located on the side where the 
antenna element 12 and the grounding conductor 1 1 are 
electrically connected with each other (short-circuit con- 
ductor 22 side) and the portion 13cc located on the op- 
posite open end 'side. With this arrangement, the dis- 
tance between the antenna element 1 2 and the coupling 
element 13c and the distance between the grounding 
conductor 11 and the coupling element 13c can be 
changed depending on the positions of these elements 
in the longitudinal direction, and this enables the adjust- 
ment of the amount of electromagnetic field coupling be- 
tween the coupling element 13c and the antenna ele- 
ment 12 and the amount of electromagnetic field cou- 
pling between the coupling element 1 3c and the ground- 
ing conductor 11. Therefore, frequency adjustment in 
the manufacturing stage can be easily done, and this 
leads to suitability for mass production. Moreover, the 
electrical length of the coupling element 13c can be 
made longer than that of the planar structure by bending 



the coupling element 13c with three-dimensional defor- 
mation. Therefore, the resonance frequency of the an- 
tenna apparatus 1 06 can be reduced to allow the anten- 
na apparatus 106 to have a small size and a reduced 
5 weight. 

[0071] In the present preferred embodiment, by bend- 
ing a part of the coupling element 13c as shown in Fig. 
16B to put the coupling element 13 closer to the open 
end and its neighborhood of the antenna element 12, 

io the amount of electromagnetic field coupling between 
the coupling element 13c and the antenna element 12 
can be increased, and the resonance frequency of the 
antenna apparatus can be further reduced. Moreover, 
by increasing the distance between the coupling ele- 

is ment 13c and the grounding conductor 11 at the end 
portion of the inverted F-type antenna apparatus 106 as 
shown in Fig. 16B, electromagnetic field coupling with 
the components of a transceiver or the like arranged in 
the vicinity of the antenna apparatus 106 can be re- 

20 duced, enabling the prevention of malfunction of the 
transceiver or the like. 

MODIFIED PREFERRED EMBODIMENTS OF SIXTH 
PREFERRED EMBODIMENT 

23 

[0072] Fig. 1 7A is a plan view showing a construction 
of an inverted F-type antenna apparatus 1 06a according 
to the first modified preferred embodiment of the sixth 
preferred embodiment of the present invention, and Fig. 

30 17B is a longitudinal sectional view taken along the line 
H-H 1 of Fig. 1 7A. In comparison with the inverted F-type 
antenna apparatus 106 of the sixth preferred embodi- 
ment shown in Fig. 16B, this inverted F-type antenna 
apparatus 1 06a is constructed in such a manner that the 

35 coupling element 13 is not bent, and the antenna ele- 
ment 1 2c is perpendicularly bent in two portions parallel 
to the shorter side direction thereof. The antenna ele- 
ment 1 2c is constructed of the followings: 



40 



43 



(i) a portion 12ca parallel to the grounding conduc- 
tor 11 and the coupling element 13; 

(ii) a portion 12cb perpendicular to the grounding 
conductor 1 1 and the coupling element 13; and 
(Hi) a portion 1 2cc parallel to the grounding conduc- 
tor 11 and the coupling element 13. 



P>073] It is set such that a distance between the por- 
tion 1 2cc and the coupling element 1 3 becomes shorter 
than a distance between the portion 1 2ca and the cou- 
so pHng element 13, and the amount of electromagnetic 
field coupling between the antenna element 12c and the 
coupling element 13c is increased. The inverted F-type 
antenna apparatus 106a of the first modified preferred 
embodiment of the sixth preferred embodiment con- 
55 structed as above has operation and advantageous ef- 
fects similar to those of the inverted F-type antenna ap- 
paratus 106 of the sixth preferred embodiment. 
[0074] Fig. 1 8 is a longitudinal sectional view showing 
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a construction of an inverted F-type antenna apparatus 
106b according to the second modified preferred em- 
bodiment of the sixth preferred embodiment of the 
present invention. 

[0075] Referring to Fig. 1 8 t a liquid crystal display sec- 
tion 41 is arranged on the top surface side in the center 
portion in the longitudinal direction of the upper housing 
40 of a folding type portable radio communication appa- 
ratus. A dielectric substrate 43 is arranged on the rear 
side of this liquid crystal display section 41, and a 
grounding conductor 11 Is formed on a flat surface of 
the dielectric substrate 43, which is located on the liquid 
crystal display section 41 side. An inverted F-type an- 
tenna apparatus 1 06b having the following construction 
is provided on the upper side of this dielectric substrate 
43. This inverted F-type antenna apparatus 106b is ba- 
sically provided with a grounding conductor 11 and a 
feeding point 25 in a manner similar to that of the struc- 
ture of the inverted F-type antenna apparatus 1 02 of the 
second preferred embodiment shown in Fig. 3B, and fur- 
ther includes an antenna element 12d constructed of a 
rectangular plate-shaped conductor, a short-circuit con- 
ductor 22, a feeding conductor 21 and a coupling ele- 
ment 13 constructed of a rectangular plate-shaped con- 
ductor. In this case, the antenna element 12d is charac- 
terized by being bent in a curved shape along the hous- 
ing configuration of the upper housing 40. With this ar- 
rangement, there is such a unique advantageous effect 
that the inverted F-type antenna apparatus 106b can be 
compactly accommodated in the upper housing 40. 
[0076] Fig. 19 is a longitudinal sectional view showing 
a construction of an Inverted F-type antenna apparatus 
106c according to the third modified preferred embodi- 
ment of the sixth preferred embodiment of the present 
invention. 

[0077] Referring to Fig. 1 9, a liquid crystal display sec- 
tion 41 is arranged on the top surface side in the center 
portion in the longitudinal direction of the upper housing 
40 of a folding type portable radio communication appa- 
ratus. A grounding conductor 11 constructed of, for ex- 
ample, a rectangular metal plate, is arranged on the rear 
side of this liquid crystal display section 41 while being 
bent along the configuration of the liquid crystal display 
section 41 . An inverted F-type antenna apparatus 106c 
having the following construction is provided on the up- 
per side of the upper housing 40 with this grounding con- 
ductor 11 . This inverted F-type antenna apparatus 106c 
is basically provided with a grounding conductor 1 1 and 
a feeding point 25 in a manner similar to that of the struc- 
ture of the inverted F-type antenna apparatus 1 02 of the 
second preferred embodiment shown in Fig. 3B, and fur- 
ther includes an antenna element 12d constructed of a 
rectangular plate-shaped conductor, a short-circuit con- 
ductor 22, a feeding conductor 21 and a coupling ele- 
ment 1 3 constructed of a rectangular plate-shaped con- 
ductor. In this case, the antenna element 12d is charac- 
terized by being bent in a curved shape along the hous- 
ing configuration of the upper housing 40. With this ar- 



rangement, there is such a unique advantageous effect 
that the inverted F-type antenna apparatus 1 06c can be 
compactly accommodated in the upper housing 40. 
[0078] In the sixth preferred embodiment and the 

5 modified preferred embodiments described above, by 
arranging at least either the antenna elements 12, 12c 
and 12d or the coupling elements 13 and 13c so as to 
be inclined from the grounding conductor 1 1 , the amount 
of electromagnetic field coupling between the antenna 

10 elements 12, 12c and 12d and the coupling elements 
13 and 13c f and the amount of electromagnetic field 
coupling between the coupling elements 13 and 1 3c and 
the connection conductor 11 can be adjusted. Also, in 
this case, impedance matching and resonance frequen- 
ts cy adjustment can be performed. 

[0079] Although the sixth preferred embodiment and 
the modified preferred embodiments thereof are provid- 
ed with one coupling element 13 or 13c, the present In- 
vention is not limited to this. By providing two or more 

20 coupling elements 1 3 and 1 3c, a frequency character- 
istic of a wider band can be achieved. In this case, by 
employing a plurality of coupling elements 13 and 13c, 
impedance matching can be performed so as to cover 
a plurality of frequency bands. 

25 [0080] In the sixth preferred embodiment and the 
modified preferred embodiments thereof, it is accepta- 
ble to form a slit or slot in at least any one of the antenna 
elements 1 2, 1 2c and 1 2d, the coupling elements 1 3 and 
13c and the grounding conductor 11 . In this case,, op er- 

30 ation and advantageous effects similar to those de- 
scribed above can be obtained. Moreover, although the 
feeding conductor 21 has such a function as the con- 
nection conductor in the sixth preferred embodiment 
and the modified preferred embodiments thereof as de- 

35 scribed above, it is acceptable to provide the short-cir- 
cuit conductor 21 having the function of the connection 
conductor or to provide a further connection conductor 
in place of this. 

[0081] Furthermore, in a manner similar to those of 
40 the various modified preferred embodiments of the sec- 
ond preferred embodiment shown in Figs. 4 to 7, the 
space surrounded by the grounding conductor 11 and 
one of the antenna elements 12, 12c and 12d may be 
filled partially or totally with a dielectric, namely, the di- 
43 electric may be filled In a part of the Internal portion or 
the whole portion of the space. In this case, the advan- 
tageous effect of reducing the resonance frequency of 
the antenna apparatus can be obtained, and the respec- 
tive components of the antenna apparatus can be stably 
so fixed. Therefore, electrical characteristic variations in 
mass production can be suppressed. 

SEVENTH PREFERRED EMBODIMENT 

55 [0082] Rg. 20A is a plan view showing a construction 
of an inverted F-type antenna apparatus 1 07 according 
to the seventh preferred embodiment of the present in- 
vention, Fig. 20B is a plan view of the antenna element 
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12e of Pig. 20A, Fig. 20C is a plan view of the coupling 
element 13e of Fig. 20A, and Fig. 20D is a plan view of 
the coupling element 14e of Fig. 20A. Fig. 21 is a longi- 
tudinal sectional view taken along the line l-P of Fig. 20A. 
This inverted F-type antenna apparatus 107 is related 
. to an implemental example produced for a trial purpose 
by the present inventor and others. In these Figs. 20A 
to 20D, the dimensions of the respective components 
are shown using a unit of millimeter. 
[0083] Referring to Figs. 20A to20D and Fig. 21 , there 
is provided an inverted F-type antenna apparatus 107, 
which has a feeding point 25 on a grounding conductor 
1 1 having a length of 70 mm and a width of 43 mm. This 
inverted F-type antenna apparatus 1 07 further includes 
the followings: 

(0 an antenna element 12e having a length of 17 
mm and a width of 43 mm shown In Fig. 20B; 

(ii) a coupling element 1 3e shown in Fig. 20C; 

(iii) a coupling element 14e shown in Fig. 20D; 

(iv) a short-circuit conductor 22 for electrically con- 
necting the antenna element 1 2e with the grounding 
conductor 11; and 

(v) a feeding conductor 21 for electrically connect- 
ing the central conductor 31 of the feeding coaxial 
cable 30 with the antenna element 1 2e via two cou- 
pling elements 13eand 14e. 

[0084] In this case, an L-figured strip-shaped slit 12es 
is formed in the antenna element 12e, and a Dnear type 
strip-shaped slit 13es is formed in the coupling element 
13e. The element length and the amount of electromag- 
netic field coupling of the antenna apparatus are 
changed by adjusting the lengths and areas of these 
slits 12es and 13es, impedance matching between the 
input Impedance of the antenna apparatus and the char- 
acteristic impedance of the feeding coaxial cable 30 can 
be easily adjusted. 

[0085] Moreover, as shown in Fig. 21 , the antenna el- 
ement 1 2e is arranged to be inclined from the grounding 
conductor 11 so that the height thereof from the ground- 
ing conductor 11 located on the feeding conductor 21 
side becomes 9.2 mm and the height thereof from the 
grounding conductor 11 located on the open-end side 
becomes 7.9 mm. Likewise, the coupling elements 13e 
and 14e are also arranged so as to be inclined from the 
grounding conductor 11. In the coupling elements 13e 
and 14e, their heights from the grounding conductor 11 
located on the feeding conductor 21 side are 8.1 mm 
and 6.6 mm, respectively, and their heights from the 
grounding conductor 11 located on the open end side 
are 6.7 mm and 4.7 mm, respectively. By changing the 
distance from each of the antenna element 12e and the 
coupling elements 13e and 14e to the grounding con- 
ductor 11 according to their positions in the longitudinal 
direction, the amount of electromagnetic field coupling 
between the antenna element 12e. each of the coupling 
elements 13e and 14e and the grounding conductor 11 



can be adjusted. In addition to the fact that the reso- 
nance frequency of the antenna apparatus 107 can be 
adjusted so as to be reduced, impedance matching be- 
tween the antenna apparatus 107 and the feeding co- 
5 axial cable 30 can be easily adjusted, and this leads to 
achievement of a frequency characteristic of a wider 
band. 

[0086] In the aforementioned seventh preferred em- 
bodiment, one end of the feeding conductor 21 is elec- 
10 trically connected with the antenna element 12e, and 
another end of the feeding conductor 21 is electrically 
connected with the central conductor 31 of the feeding 
coaxial cable 30 via the feeding point 25 on the ground- 
ing conductor 11. It is important that the coupling ele- 
ments 13e and 1 4e are each electrically connected with 
the feeding conductor 21, however, Is not electrically 
connected with the short-circuit conductor 22. That Is, 
the diameter of the short-circuit conductor 22 Is smaller 
than the through holes 13eh and 14eh formed through 
so the coupling elements 13e and 14e, respectively, and 
the short-circuit conductor 22 passes through the center 
portions of these through holes 13eh and 14eh. There- 
fore, the short-circuit conductor 22 is not electrically 
connected with the coupling elements 13e and 14e. 
25 [0087] Fig. 22 is a Smith chart showing a frequency 
characteristic of the input impedance of the inverted F- 
type antenna apparatus 1 07 shown in Figs. 20A and 21 , 
and Fig. 23 is a graph showing a frequency character- 
istic of the voltage standing wave ratio (VSWR) of the 
30 inverted F-type antenna apparatus 107 shown in Figs. 
20Aand21. 

[0088] As is apparent from Fig. 22, it can be under- 
stood that a plurality of resonance circles exist and the 
antenna apparatus is in a state of multiple resonance. 
35 Referring to Fig. 23, a frequency range, In which VSWR 
was equal to or smaller than three, ranged from 905 to 
1024 MHz, and the ratio of the range to the band was 
12.3%. In other words, a wideband frequency charac- 
teristic was able to be obtained. 
40 [0089] in the aforementioned preferred embodiment, 
even when a dimension obtained by adding the shorter 
side to the longer side of the grounding conductor 11 
has an extremely small value which is equal to or smaller 
than a quarter of the wavelength, a wideband charac- 
** terlstlc can be achieved. Moreover, the Impedance char- 
acteristic of the antenna apparatus 107 can be easily 
adjusted. Therefore, this arrangement Is suitable for 
constituting an antenna apparatus on the grounding 
conductor 11 that has comparatively small dimensions 
so with respect to the wavelength in a portable radio com- 
munication apparatus such as a folding type portable 
telephone. 

[0090] In the above-mentioned preferred embodi- 
ment, the space surrounded by the grounding conductor 
35 11 and the antenna element 12e may be filled partially 
or totally with a dielectric, namely, the electric may be 
filled in a part of the internal portion or the whole portion 
of the space. In this case, the advantageous effect of 
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reducing the resonance frequency of the antenna appa- 
ratus can be obtained, and the shape of the antenna 
apparatus can be stabty fixed. Therefore, variations in 
mass production can be suppressed. 

MODIFIED PREFERRED EMBODIMENTS OF 
SEVENTH PREFERRED EMBODIMENT 

[0091] Fig. 24 is a plan view showing a construction 
of an antenna element 12f according to the first modified 
preferred embodiment of the seventh preferred embod- 
iment, or a modified preferred embodiment of the anten- 
na element of the inverted F-type antenna apparatus 
1 07 shown in Figs. 20A and 21 . As shown in Fig. 24, the 
antenna element 1 2f is formed so as to have a slot 1 2ss 
of a predetermined shape. The antenna element 12f is 
constructed of a rectangular ring-shaped conductor por- 
tion 12f a, a rectangular patch-shaped conductor portion 
12fc and a strip-shaped conductor portion 12fb for cou- 
pling these conductor portions 12fa and the conductor 
portion 12fc with each other. The antenna element 12f 
of the above-mentioned configuration has such a unique 
advantageous effect that it is able to have a long sub- 
stantial element length and have an increased amount 
of electromagnetic field coupling with other conductors. 
Moreover, by forming the slot-12ss in the antenna ele- 
ment 12f, the resonance frequency of the antenna ap- 
paratus can be adjusted. 

[0092] Fig. 25 is a plan view showing a construction 
of a coupling element 13f according to the second mod- 
ified preferred embodiment of theseventh preferred em- 
bodiment, or a modified preferred embodiment of the 
coupling element of the inverted F-type antenna appa- 
ratus 107 shown in Figs. 20A and 21. As shown in Fig. 
25, the coupling element 13f is formed so as to have a 
slot 13ss of a predetermined shape. The coupling ele- 
ment 13f is constructed of a rectangular ring-shaped 
conductor portion 13fa, a rectangular patch-shaped 
conductor portion 113fc and a strip-shaped conductor 
portion 13fb for coupling these conductor portions 13fa 
and the conductor portion 1 3fc to each other. The cou- 
pling element 13f of the above-mentioned configuration 
has such a unique advantageous effect that it is able to 
have a long substantial element length and have an in- 
creased amount of electromagnetic field coupling with 
other conductors. Moreover, by forming the slot 13ss In 
the coupling element 13f, the resonance frequency of 
the antenna apparatus can be adjusted. 

EIGHTH PREFERRED EMBODIMENT 

[0093] Fig. 26A is a plan view showing a construction 
of an inverted F-type antenna apparatus 108 according 
to the eighth preferred embodiment of the present in- 
vention, and Fig. 26B is a longitudinal sectional view tak- 
en along the line J-J 1 of Fig. 26A. In comparison with the 
inverted F-type antenna apparatus 102 of the second 
preferred embodiment shown in Figs. 3A and 3B, this 
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inverted F-type antenna apparatus 108 is characterized 
in that the antenna element 12 is inserted between the 
grounding conductor 11 and the coupling element 13, 
and the other const ruction is similar to that of the second 
5 preferred embodiment. One end of the feeding conduc- 
tor 21 is electrically connected with the coupling element 
13 and electrically connected with the antenna element 
12 roughly in the center portion of the feeding conductor 
21 . Another end of the feeding conductor 21 is connect- 
10 ed with the central conductor 31 of the feeding coaxial 
cable 30. Moreover, one end of the short-circuit conduc- 
tor 22 is connected with the antenna element 12, and 
another end thereof is electrically connected with the 
grounding conductor 11. 
is [0094] The inverted F-type antenna apparatus 108 
according to the eighth preferred embodiment con- 
structed as above has operation and advantageous ef- 
fects similar to those of the Inverted F-type antenna ap- 
paratus 102 of the second preferred embodiment. More- 
over, also in this inverted F-type antenna apparatus 1 08, 
the space between the coupling element 13 and the 
grounding conductor 1 1 may be filled partially or totally 
with a dielectric, as described in connection with the 
modified preferred embodiments of the second pre- 
ferred embodiment. In this case, the advantageous* ef- 
fect of reducing the resonance frequency of the antenna 
apparatus and the advantageous effect of restraining 
variations in mass production can be obtained. 

NINTH PREFERRED EMBODIMENT . 

[0095] Fig. 27A is a plan view showing a construction 
of a portable radio communication apparatus 1101 ac- 
cording to the ninth preferred embodiment of the present 
invention, and Fig. 27B is a side view of Fig. 27A. 
[0096] Referring to Figs. 27A and 278, a portable ra- 
dio communication apparatus 1101 is a structural exam- 
ple of a folding type portable telephone and constructed 
of an upper housing 1102, a lower housing 1103 and a 
hinge portion 1104 that is a mechanical section for cou- 
pling the upper housing 1102 with the lower housing 
1103 and making the upper and lower housings 1102 
and 1103 be superimposed on each other when the 
hinge portion 1104 is folded. In this case, a liquid crystal 
display section 1105 Is provided roughly in the center 
portion of the upper housing 1 1 02, and an upper dielec- 
tric substrate 1108 is arranged on the lower side in the 
thickness direction, and a built-in antenna 1110 is pro- 
vided in the upper portion in the figure of the dielectric 
substrate 1108. where a transmitting signal is supplied 
from a feeding section of a radio transmitter (not shown) 
to the built-in antenna 1110. Moreover, a ten-key section 
1 1 06 is provided roughly in the center portion of the low- 
er housing 1003. and a lower. dielectric substrate 1109 
is arranged on the lower side in the thickness direction. 
A whip antenna 1107 constructed of a helical antenna 
1107a and a monopole antenna 1107b is provided on 
the lower housing 1003 retractably along the longitudi- 
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nal direction of the lower housing 1003 on the left side 
in Fig. 27A and then, a transmitting signal is fed from a 
feeding section of a radio transmitter (not shown) to the 
whip antenna 1107. 

[0097] in the present preferred embodiment, the built- 
in antenna 1110 can be constructed of any one of the 
aforementioned first to eighth preferred embodiments or 
their modified preferred embodiments, in this case, the 
built-in antenna 1110 and the whip antenna 1 1 07 can be 
controlled so that at least one of these two antennas is 
used by a space diversity technology during transmis- 
sion and reception of a radio signal. 
[0098] In the portable radio communication apparatus 
1101 constructed as above, the built-in antenna 1110 
can achieve a wideband characteristic even when the 
dimension of the grounding conductor formed on the 
rear surface of the upper dielectric substrate 1108 is 
equal to or smaller than a quarter of the wavelength. 
Therefore, satisfactory communication quality can be 
obtained. Moreover, by arranging the built-in antenna 
1 11 0 in the upper portion of the inside of the upper hous- 
ing 1102, it is enabled to make the antenna apparatus 
less susceptible to the influence of the human body, 
such as fingers of user, during telephone conversation. 
With this arrangement, the radiation loss of the radio 
wave from the portable radio communication apparatus 

1101 can be reduced, and the antenna gain of the built- 
in antenna 1110 can be improved. 
[0099] In the aforementioned preferred embodiment, 
the whip antenna 1 1 07 is provided on the lower housing 
1103. However, the present invention is not limited to 
this, and the whip antenna may be provided on the upper 
housing 1102. Moreover, the built-in antenna 1110 may 
be arranged in the lower portion of the upper housing 

1102 or in the lower portion of the lower housing 1103. 

MODIFIED PREFERRED EMBODIMENT OF NINTH 
PREFERRED EMBODIMENT 

[0100] Fig. 28A is a plan view showing a construction 
of a portable radio communication apparatus 1101a ac- 
cording to the modified preferred embodiment of the 
ninth preferred embodiment of the present invention, 
and Fig. 28B is a side view of Fig. 28A. 
[0101] Referring to Figs. 28A and 28B, this portable 
radio communication apparatus 1 1 01 a is characterized 
in that the whip antenna 1 1 07 on the lower housing 11 03 
. is removed in comparison with the portable radio com- 
munication apparatus 1101 of the ninth preferred em- 
bodiment. 

TENTH PREFERRED EMBODIMENT 

[01 02] Fig. 29A is a plan view showing a construction 
of a portable radio communication apparatus 2100 ac- 
cording to the tenth preferred embodiment of the 
present invention with part removed, and Fig. 29B Is a 
side view of Fig. 29A. In these Figs. 29A and 29B. the 



same components as those of Figs. 28A and 28B are 
denoted by same reference numerals. 
[0103] Referring to Figs. 29A and 29B t the built-in an- 
tenna 1110 formed on the dielectric substrate 1108 of 

5 the upper housing 11 02 is provided, and a flexible die- 
lectric substrate 2702 on which conductor patterns 
2702a and 2702b are formed is provided in a hinge por- 
tion 1104. One end of each of the conductor patterns 
2702a and 2702b is connected with a connector 2109 

10 formed on the upper dielectric substrate 1108, while an- 
other end of each of the conductor patterns 2702a and 
2702b is connected with a connector 2110 formed on 
the lower dielectric substrate 1109. 
[01 04] In this case, a strip-shaped conductor pattern 

15 2703 formed on the upper dieiectric substrate 1108 is 
connected with the conductor pattern 2702a via a con- 
nector 2109. The conductor pattern 2702a is further 
connected with a feeding point 2111 via a connector 
2110. One monopole antenna is constructed of a con- 
20 ductor pattern extended from this conductor pattern 
2703 to the feeding point 2111 . Then, the monopole an- 
tenna and the built-in antenna 1110 can be controlled 
so that at least one of these two antennas is used by the 
space diversity technology during transmission and re- 
25 ception of a radio signaJ. 

ELEVENTH PREFERRED EMBODIMENT 

[01 05] Fig. 30A is a plan view showing a construction 
30 of a built-in antenna apparatus 2200 according to the 
eleventh preferred embodiment of the present Inven- 
tion, and Fig. 30B is a side view showing a construction 
of a built-in antenna apparatus 2200 of Fig. 30A. 
[01 06] Die built-in antenna 2200 of this eleventh pre- 
ss ferred embodiment Is employed in place of the afore- 
mentioned built-in antenna 1110, and is provided with a 
bent grounding conductor 1 1 a, an antenna element 1 2g 
(operating in a manner similar to that of the aforemen- 
tioned antenna element 12 or the like) formed in a me- 
andering configuration on a dielectric substrate 42, and 
a strip-shaped antenna element 1 2h that is formed while 
being connected with the antenna 12g on the dielectric 
substrate 42 and operates as a monopole antenna. The 
built-in. antenna 2200 further includes a coupling ele- 
45 ment 13 arranged while being Inserted between the an- 
tenna element 12g and the grounding conductor 1 la, a 
feeding conductor 21 for connecting a feeding point with 
the antenna element 12g, and a connection conductor 
22 for connecting the antenna element 1 2g with the cou- 
50 pling element 13. In this case, the feeding conductor 21 
is electrically connected with the coupling element 13 
and the antenna element 12g, while the short-circuit 
conductor 22 is electrically connected with the antenna 
element 12g in a state in which the short-circuit conduc- 
55 tor 22 is not connected with the coupling conductor 1 3. 
Then, by making the resonance frequency of the anten- 
na element 12g provided with the coupling element 13 
be different from the resonance frequency of the anten- 
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na element 12h, the antenna apparatus can be used as 
a wideband built-in antenna apparatus 2200, which can 
cover a plurality of frequency bands. 
[0107] In the preferred embodiment constructed as 
above, by arranging the built-in antenna apparatus 2200 
in the upper portion of the inside of the upper housing 
1102, it is enabled to make the antenna apparatus less 
susceptible to the influence of the human body, such as 
fingers, during telephone conversation. With this ar- 
rangement, the radiation loss of the radio wave from the 
portable radio communication apparatus can be re- 
duced, and the antenna gain of the built-in antenna 2200 
can substantially be improved. 

ADVANTAGEOUS EFFECTS OF PREFERRED 
EMBODIMENTS 

[0108] As described In detail above, the Inverted F- 
type antenna apparatus according to the preferred em- 
bodiments of the present invention is characterized in 
that the coupling element is inserted between the unbal- 
anced type antenna element and the grounding conduc- 
tor, and the connecting means for electrically connecting 
the antenna element with the grounding conductor in at 
least one place is provided. 

[0109] By adjusting the amount of coupling between 
the antenna element and the coupling element, the 
amount of coupling between the antenna element and 
the grounding conductor or the amount of coupling be- 
tween coupling element and the grounding conductor 
by means of the coupling element, the resonance fre- 
quency of the antenna element provided with the cou- 
pling element is made be different from the resonance 
frequency of the antenna element provided with no cou- 
pling element. With this arrangement, a wideband fre- 
quency characteristic can be obtained. Moreover, the 
resonance frequency of the antenna apparatus can be 
adjusted by shifting in correspondence with a plurality 
of frequency bands. Moreover, by providing the con- 
necting means common to either the feeding conductor 
or the short-circuit conductor, structural simplification 
can be achieved, and this leads to suitability for mass 
production. 

[0110] Furthermore, by providing the slit or the slot, 
the resonance frequency can be reduced, and the 
amount of coupling between the antenna element and 
the coupling element and/or the grounding conductor 
can be adjusted. By inclining the coupling element with 
respect to the antenna element or the connection con- 
ductor or by providing the coupling element or the an- 
tenna element with a stepped portion, the amount of 
coupling between the antenna element and the ground- 
ing conductor can be adjusted. 

[01 1 1] By arranging the antenna apparatus construct- 
ed as above inside of the upper housing of the folding 
type portable radio communication apparatus, it can be 
expected to make the antenna apparatus less suscep- 
tible to the influence from the human body, such as fin* 



gers, during telephone conversation, and the radiation 
loss due to the human body can be reduced. 
[0112] Although the present invention has been fully 
described in connection with the preferred embodi- 

5 ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those skilled in the art. 
Such changes and modifications are to be understood 
as included within the scope of the present invention as 

10 defined by the appended claims unless they depart 
therefrom. 

Claims 

15 

1 . An inverted F-type antenna apparatus comprising: 
a grounding conductor; 

an antenna element arranged on said ground- 
ing conductor so as to face said grounding con- 
ductor; 

at least one coupling element provided be- 
tween said grounding conductor and said an- 
tenna element so as to face said grounding 
conductor and said antenna element; and 
first connection means for electrically connect- 
ing said antenna element with said grounding 
conductor at least in one place. 

2. The inverted F-type antenna apparatus as claimed 
In claim 1, 

wherein said grounding conductor, said an- . 
tenna element and said coupling element are ar- 
ranged so as to be substantially parallel to each oth- 
er. 

3. The inverted F-type antenna apparatus as claimed 
in claim 1 , 

wherein said antenna element and said 
grounding conductor are arranged so that a dis- 
tance between said antenna element and said 
grounding conductor in an end portion where said 
antenna element and said grounding conductor are 
electrically connected with each other by said first 
connection means Is different from a distance be- 
tween said antenna element and said grounding 
conductor in another end portion located opposite 
to said end portion. 



so 4. The inverted F-type antenna apparatus as claimed 
in claim 3, 

wherein said coupling element is arranged so 
as to be inclined with respect to said grounding con- 
ductor. 

55 

5. The inverted F-type antenna apparatus as claimed 
in claim 1 , 

wherein said antenna element has a shape 
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6. 



curved along a configuration of a housing for ac- 
commodating said inverted F-type antenna appara- 
tus. 

The inverted F-type antenna apparatus as claimed 
in claim 1 , 

wherein at least one of said coupling element 
and said antenna element is provided with a bent 
portion. 



7. The inverted F-type antenna apparatus as claimed 
in claim 1 , 

wherein said grounding conductor is provided 
with a bent portion. 

8. The inverted F-type antenna apparatus as claimed 
In any one of claims 1 to 7, 

wherein a length of a sum total of lengths of 
two mutually different sides of said grounding con- 
ductor is equal to or smaller than a quarter of a 
wavelength corresponding to a lowest frequency 
band among frequency bands which are used by a 
portable radio communication apparatus that em- 
ploys said inverted F-type antenna apparatus. 

9. The inverted F-type antenna apparatus as claimed 
in any one of claims 1 to 8, further comprising sec- 
ond connection means for electrically connecting 
said antenna element with said coupling element at 
least in one place. 

10. The inverted F-type antenna apparatus as claimed 
in claim 9, 

wherein a connecting point of said second 
connection means is arranged near a connecting 
point of said first connection means. 

11. The inverted F-type antenna apparatus as claimed 
in claim 10, 

wherein dimensions of said antenna element 
and said coupling element are set so that the con- 
necting point of said second connection means is 
substantially located in a portion of an anti-node of 
a current standing wave generated in said antenna 
element and said coupling element, and said cou- 
pling element operates as a quarter-wave length 
resonator when said inverted F-type antenna appa- 
ratus is excited by a radio signal of a predetermined 
wavelength. 
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wherein said antenna element and said cou- 
pling element are electrically connected with each 
other by a common short-circuit conductor. 

14. The inverted F-type antenna apparatus as claimed 
in any one of claims 1 to 13, 

wherein a resonance frequency of said invert- 
ed F-type antenna apparatus is adjusted by forming 
a slit in said antenna element. 

15. The inverted F-type antenna apparatus as claimed 
in any one of claims 1 to 13, 

wherein a resonance frequency of said invert- 
ed F-type antenna apparatus is adjusted by forming 
a slit in said coupling element. 

16. The Inverted F-type antenna apparatus as claimed 
In any one of claims 1 to 13, 

wherein a resonance frequency of said Invert- 
ed F-type antenna apparatus is adjusted by forming 
a slot in said antenna element. 



17. The inverted F-type antenna apparatus as claimed 
in any one of claims 1 to 13, 
25 wherein a resonance frequency of said invert- 

ed F-type antenna apparatus is adjusted by forming 
a slot in said coupling element. 



30 



18. The inverted F-type antenna apparatus as claimed 
in any one of claims 1 to 17, 

wherein an amount of electromagnetic cou- 
pling between said antenna element and said 
grounding conductor Is adjusted by changing an ar- 
ea of at least one of said antenna element and said 
35 coupling element. 

19. The inverted F-type antenna apparatus as claimed 
in any one of claims 1 to 1 8, 

wherein a dielectric is filled in either one of a 
*o part of internal portion and the whole portion of said 
Inverted F-type antenna apparatus. 

20. The inverted F-type antenna apparatus as claimed 
in any one of claims 1 to 1 9, 

45 wherein dimensions of said antenna element 

and said coupling element are set so that said In- 
verted F-type antenna apparatus resonates in a plu- 
rality of frequency bands. 



12. The inverted F-type antenna apparatus as claimed 
in any one of claims 1 to 11 , 

wherein said antenna element and said cou- 
pling element are electrically connected with each 
other by a common feeding conductor. 

13. The inverted F-type antenna apparatus as claimed 
in any one of claims 1 to 11 , 



50 21. A portable radio communication apparatus com- 
prising: 



an upper housing; 
a lower housing; 

a hinge portion for coupling said upper housing 
with said lower housing; and 
said inverted F-type antenna apparatus 
claimed in any one of claims 1 to 20, 



55 
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wherein said inverted F-type antenna appara- 
tus is arranged inside of said upper housing. 

22. The portable radio communication apparatus as 
claimed in claim 21 , further comprising a monopole s 
antenna. 
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